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A Java Virtual Machine for Sensor Networks
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Abstract :

Sensor network consists of a large number of sensor node distributed in the environment being sensed and

controlled. The resource-constrained sensor nodes tend to have various and heterogeneous architecture. Thus, it is important to
make its software environment platform-independent and reprogrammable. In this paper, we present BeeVM, a Java operating
system designed for sensor networks. BeeVM offers a platform-independent Java programming environment with its efficiently
executable file format and a set of class APIs for basic operating functions, sensing and wireless networking. BeeVM's
high-level native interface and layered network subsystem allow complex program for sensor network to be short and readable.
Our platform has been ported on two currently popular hardware platforms and we show its effectiveness through the

evaluation of a simple application.
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package beevm.comm;
/ %k

* WPAN Low-level comms (LLC)...

**/

public class WPANLLC {

public static native int read(int src, byte [} buf, int
len);

void dispatch _native
STACKWORD *paramBase)
{
STACKWORD *paramBasel = paramBase+1;
STACKWORD *paramBase2 = paramBase+2;
switch (signature) {

(TWOBYTES signature,

#ifdef ZIGBEE MODULE

case read_41 1BI SI: /* beevm.comm.WPANLLC */
{
int addr = paramBase[0];
byte *byteArray = ((byte *) word2ptr (paramBase

[1])) + HEADER SIZE;

int len = paramBase[2];
push_word(llc_receive bytes(addr, len, byteArray));
)

return;

HO - 22 - AIA”ES] ==X M 14 &, M 1 & 2008. 1

E  1.BeeVM HA 2 77]A).
Table 1. Total class packages for BeeVM.

H71A & a9
java.lang A} 712 9714
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beevm.comm =41 #9714
beevm.util 71E} 83 a2 971X
Beevmhostcomm |ZAE ZHE £ 241 #d H7|X

19 3. WPAN 4541 vlolE] B 1] H| o] 2.
Fig. 3. The native interface of WPAN wireless communication.
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Fig. 4. Communication subsystem.

import beevm.comm.*;

import beevm.platform.nano24.*;

public class SensorReader {
public static void main(String args[]) throws Exception {
byte[] sensorlD = new byte[1];
int sensorValue;
byte[] pPacket = new byte[1};
WPANMessagePort port = null;

try {
port = new WPANMessagePort(0, 1);
if(port.readPacket(sensoriD) = 0) return;
while (true) {
sensorValue =
Sensor.readSensorValue(sensor[D[0], 0);
pPacket[0] = (byte)(sensorValue & OxFF);
port.writePacket(pPacket);
}
} catch (Exception €) {
LED.Red.on(};
Thread.sleep(500);
LED.Red.ofX{);
} finally {
port.close();
}
}
}

19 5. A A == 3-8 3 2 7 3(SensorReader java).

Fig. 5. SensorReader.java, an application for the sensor node.
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import beevm.comm.*;

import beevm.platform nano24.*;

public class Coordinator {
public static void main(String args[]) throws Exception {
byte[] sensorlD = new byte[1];
byte[] pPacket = new byte[1];
WPANMessagePort wpan = null;
SerialMessagePort serial = null;

y {
wpan = new WPANMessagePort(1, 0);
serial = new SerialMessagePort();
if(serial.readPacket(sensorID)y=0) return;
wpan.writePacket(sensorID);
while (true) {
wpan.readPacket(pPacket);
serial.writePacket(pPacket);
}
4 catch (Exception €) {
LED.Red.on();
Thread.sleep(500);
LED.Red.off();
} finally {
port.close();
}
}
}

a8 6. 2R == -$-§ = 2 713 (Coordinator.java).
Fig. 6. Coordinator.java, an application for the coordinator.
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Fig. 7. Sensor network hardware platforms.
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Fig. 8. The memory map on the H/W platforms with BeeVM.
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Table 3. The byte size comparison of class file, jar file, and BeeVM

executable file for the application.
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= A= 42 |99 bin | bin
= (jaj]s) (Jjar) (bin) | /class | /jar

Coordinator | 25,290 | 21,456 | 3,802 | 0.150 | 0.177
SensorReader | 23,498 | 19,886 | 3,251 0.138 | 0.163
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